INTRODUCTION
Despite recent improvement in postresuscitation care, about 50% of patients resuscitated from cardiac arrest die or have poor neurological outcome because of severe postanoxic brain injury [1] . The overall goal of prognostication has to focus on the best interest of the patients: on one hand, we want to avoid inappropriate treatment in patients with no chance of recovery, but on the other hand, we also try not to withhold treatments prematurely in those who have a chance for good neurologic outcome.
DEFINITIONS OF NEUROLOGICAL OUTCOME AFTER CARDIAC ARREST
In prognostication studies, investigators usually dichotomize neurological outcome as good or poor. However, although there is little doubt that vegetative state or death, corresponding to Cerebral Performance Categories (CPC) [2] 4 or 5, respectively, represents a poor outcome, the identification of severe neurological disability (CPC 3) with poor outcome has been less consistent. Although most of the oldest studies on prognostication restricted poor outcome to CPC 4 and 5 [3] , the majority of studies conducted after 2005 include CPC 3 among poor outcomes and dichotomize CPC as 1-2 vs. 3-5 [4] , consistently with the latest update of the ILCOR Utstein Registry Templates for cardiac arrest and resuscitation outcome reports [5] . The CPC 3 includes a wide range of cerebral disabilities, from important memory loss to dementia and minimally conscious states, which generally preclude an autonomous existence outside specialized institutions. The appropriateness of defining CPC 3 as poor outcome may depend on the timing when outcome is measured. In fact, some patients who are classified
PROGNOSTICATION IN PATIENTS TREATED WITH CONTROLLED TEMPERATURE
Until recently, the vast majority of evidence concerning prognostication after cardiac arrest was based on studies conducted in patients not treated with controlled temperature. After the advent of therapeutic hypothermia for the management of resuscitated comatose patients, the use of sedation and muscle paralysis during the first 48 h after recovery of spontaneous circulation (ROSC) has become routine in order to facilitate control of body temperature. This may have introduced a potential source of interference in prognostication. In fact, both therapeutic hypothermia itself and sedatives and muscle relaxant agents used to maintain it may depress clinical reactivity, possibly making results of predictive indexes appear worse than they are [10] . The effect of both sedative agents and muscle relaxants is prolonged in patients treated with controlled temperature because hypothermia reduces the clearance of these drugs [11] [12] [13] . Before performing clinical examination, residual effects of sedation or neuromuscular blockade must be excluded [14 && ].
TYPE OF PROGNOSTIC INDEXES
Four main categories of tests are used to predict poor outcome in comatose resuscitated patients. These include clinical examination, electrophysiological indexes, serum biomarkers and neuroimaging studies.
Clinical examination
Results of clinical examinations are usually unreliable in the first days after resuscitation. In particular, the absence of pupillary light reflex at ROSC is associated with false prediction of poor outcome in about one-third of patients [15] . Reliability of these signs increases during the first 72 h after arrest in patients not treated with controlled temperature, and it reaches a maximum at 3 days from ROSC [3, 6] . In therapeutic hypothermia-treated patients, clinical examination is usually postponed after rewarming and suspension of sedation, that is, at about 72 h after ROSC or later [4] . For example, in a recent large trial on targeted temperature management (TTM) in resuscitated comatose patients, prognostication was performed at a median of 118 h after cardiac arrest [1] . In both therapeutic hypothermia-treated and non-therapeutic hypothermia-treated patients, the most accurate clinical-based predictor at 72 h or more from ROSC is the absence of pupillary reflex to light [false positive rate (FPR) 0%]. An absent corneal reflex is also usually associated with a poor outcome, but is slightly less specific than the pupillary reflex (FPR up to 5%) [10,16,17,18 & ]. Differently from the corneal reflex, the pupillary reflex is not influenced by the effect of muscle relaxants, as the constriction of pupils to light is achieved via the parasympathetic action to the sphincter pupillae. The sensitivity of ocular reflexes as prognosticators in coma after cardiac arrest is low, in fact only 20-30% of patients destined to a poor outcome show these signs. There is evidence that detection of pupillary response using clinical examination is relatively inaccurate [19] . Quantitative detection using a pupillometer may increase accuracy of this sign [20] .
An absent or extension motor response to pain corresponding to a motor score 1 or 2 of the Glasgow
KEY POINTS
Prognostication in comatose survivors of cardiac arrest, although important, remains challenging.
Most indexes used to predict poor outcome after cardiac arrest have limited precision and the relevant literature is potentially biased by lack of blinding, which may have caused a self-fulfilling prophecy.
Predictors based on electroencephalogram and imaging are potentially useful, but need to be validated in multicenter studies using consistent definitions and methodologies.
Coma Scale (M 2) at 72 h or more from ROSC is a sensitive, but nonspecific sign of poor outcome (FPR 10-40%) [6,16,18 & ,21] . Like the corneal reflex, the motor response can be suppressed by the effects of sedatives or neuromuscular blocking drugs [10] .
Myoclonus is a clinical sign of central nervous system injury, which consists of sudden, brief, involuntary jerks caused by muscular contractions or inhibitions. Postarrest myoclonus is a clinical phenomenon, which may be associated or not with epileptiform activity on EEG [22] . A prolonged (>30 min) period of generalized unrelenting myoclonic jerks is defined as 'status myoclonus.' Early occurrence of status myoclonus in comatose resuscitated patients suggests a poor outcome [23, 24] . However, this should not be confused with Lance-Adams syndrome, a chronic form of postanoxic myoclonus, which occurs in conscious patients, is triggered by voluntary movements and is often limited to the limb being moved (action myoclonus) [25] . Although Lance-Adams syndrome usually occurs late in the clinical course of postanoxic cerebral injury, cases of early occurrence have been documented [26] [27] [28] . In resuscitated comatose patients with myoclonus, the presence of sedation may make the detection of clinical consciousness difficult and create falsely pessimistic predictions [29] .
Electrophysiology
Short-latency somatosensory evoked potentials (SSEPs) are among the most commonly used and robust predictors in postanoxic coma. In non-therapeutic hypothermia-treated patients, a bilateral absence of the N20 SSEP wave predicts an invariably poor outcome as early as 24 h from ROSC [6, 30] . In therapeutic hypothermia-treated patients, SSEPs also perform well when recorded after rewarming [4] . The sensitivity of SSEPs is around 50% when SSEPs are recorded after rewarming, but is only 25% during therapeutic hypothermia, partly because in some patients with an eventual poor outcome, the N20 wave may be present during therapeutic hypothermia and subsequently disappear after rewarming [16] .
Differently from clinical examination and EEG, SSEPs are less affected by sedative drugs or hypothermia [31, 32] . However, in the ICU environment, SSEPs are prone to interference coming from muscular artefacts and electrical equipment. For this reason, utmost care should be taken to maximize signal/ noise ratio when recording SSEPs in these patients.
SSEPs are particularly prone to the bias of 'selffulfilling prophecy.' In 10/12 (83%) prognostication studies included in a recent review on prognostication after cardiac arrest [4] , SSEP had been used as a criterion for WLST. One observational study [33] showed that results of SSEPs are more likely to influence physicians' and families' decision to withdraw life-sustaining therapies than those of clinical examination or EEG.
Electroencephalography has been among the first clinical investigations used to assess the severity of postanoxic coma [34] . 'Malignant' EEG patterns like low voltage or burst-suppression are usually associated to poor neurological outcome, both in therapeutic hypothermia-treated [35, 36] and in nontherapeutic hypothermia-treated patients [6, 37] . However, their systematic application as prognostic indexes has been hampered by the inconsistencies in their definition [3] . A recent standardization of EEG terminology from the American Clinical Neurophysiology Society [38] has not yet been incorporated into most prognostication studies.
Absence of EEG reactivity to external stimuli has recently been described as a sensitive and highly specific index of poor neurological outcome, especially when detected after rewarming from therapeutic hypothermia (FPR 0%; 95% confidence interval 0-3) [39, 40] . The major limitation of EEG reactivity is the lack of a standardization of the stimulus to be used. Moreover, this index has been described only in a limited number of studies made by expert electrophysiologists and it has never been validated in multicenter studies.
Biomarkers
The rationale of dosing markers of neuronal injury in the blood of resuscitated patients is that higher levels of biomarkers correlate with a higher extent of brain damage and consequently lower chances of recovery. The most widely used biomarkers for prognostication after cardiac arrest are neuron-specific enolase (NSE) and the S-100 protein, which come from neurons and from astroglial and Schwann cells, respectively. Serum biomarkers NSE and S-100B have important theoretical advantages, such as ease of sampling and likely independence from the effects of sedative drugs. However, their thresholds for prediction of poor outcome with 0% FPR in resuscitated comatose patients vary largely. In non-therapeutic hypothermia-treated patients, these range from 15 to 90 mg/l at 72 h for NSE and from 0.12 to 0.8 mg/l for S-100 [41] [42] [43] . For NSE in therapeutic hypothermia-treated patients, thresholds vary from 25 to 112.4 mg/l at 48 h [31, 44] and from 57.2 and 78.9 mg/l at 72 h [45, 46] . Reasons for this variability include the presence of extracerebral sources of biomarkers (red blood cells, neuroendocrine tumors and small-cell lung carcinoma for NSE, muscle and adipose tissue for S-100B, [47] ) and the use of heterogeneous immunoenzyme measurement techniques.
Several considerations need to be taken with the use of biomarkers. Ideally, every clinical laboratory should validate its own biomarker thresholds for prediction of poor outcome after cardiac arrest. Performing multiple sampling of biomarkers during the first 72 h after ROSC and combining biomarkers with other indices appears at present as the most prudent strategy for using biomarkers in prognostication after cardiac arrest [48] . One mechanistic limitation of using these biomarkers is that they estimate cell injury irrespective of cell function. Prognostication is linked to function, hence a future direction should be to develop biomarkers that provide not only reliable estimation of cell injury but also information of the types of brain cell function, which will be more relevant to prognostication.
Imaging
Neuroimaging studies have only recently been investigated as indexes for prognostication in postanoxic coma. In resuscitated comatose patients, computer tomography (CT) of the brain is often performed to exclude other causes of cerebral injury or conditions like subarachnoid hemorrhage, which would contraindicate thrombolysis or anticoagulation [49] . On brain CT, early postanoxic injury after cardiac arrest appears as a diffuse brain edema, which can be quantified as the ratio between the densities of the grey matter and the white matter (GWR), measured in Hounsfield units. An average global GWR below 1.14 or a GWR below 1.22 at the level of basal ganglia on brain CT performed within 1 h after ROSC predicted poor outcome with 100% specificity in two small cohort studies [50, 51] . Similar results have been showed in other studies [21, 52] .
Neuronal cytotoxic edema on MRI is optimally detected using DWI sequences, especially at basal ganglia level and on posterior cortical areas [53] . The severity of injury on DWI can be quantified using apparent diffusion coefficient (ADC). Normal ADC values range between700 and 800 Â 10 À6 mm 2 s À1 [54] . For prognostication purposes, a reduction of diffusion on MRI can be quantified using wholebrain ADC [55] , the proportion of brain volume with low ADC [56] or the lowest ADC value in selected brain regions [57, 58] . The ADC thresholds for prediction of poor outcome with 0% FPR are inconsistent among prognostication studies [3, 4] .
Imaging studies are not affected by sedation and paralysis and provide a topographic description of anoxic brain injury. However, their interpretation is more complex and less standardized than that of other prognostic indexes, and it may be affected by a significant interobserver variability. Moreover, they are not bedside tools. Execution of a MRI exam, in particular, may be problematic in more unstable patients. This may have caused a selection bias in most of the prognostication studies on imaging, whose population size is generally small. Considering the limited quality of the available literature [59 & ], caution has to be taken in using imaging studies for prognostication after cardiac arrest. Currently, they are recommended only in centers where a specific experience is available [48] .
Multimodal prognostication
Even the most robust predictors, such as SSEP, do not guarantee an absolute certainty when predicting poor outcome, and cases of good neurological recovery in patients with multiple unfavorable characteristics have been reported [27] . For this reason, we recommend that prognostication should be multimodal whenever possible [48] , that is it should be made using a combination of several different parameters (clinical examination, electrophysiology, biomarkers and imaging). There is evidence that this approach increases the accuracy of prediction [60,61 & ].
RECOMMENDED PROGNOSTICATION STRATEGY
A prognostic evaluation should start with a thorough clinical examination [62] . This should be made after the phase of controlled temperature has been completed (patient is in normothermic state), and the sedative and muscle relaxant agents have been suspended for a sufficient time to avoid interference on clinical evaluation. This time would usually correspond to 72 h or more from ROSC. The bilateral absence of either pupillary light reflex and/ or the N20 SSEP wave suggests that a poor prognosis is very likely. If these tests are inconclusive, a combination of alternative tests like EEG, serum biomarkers, or imaging studies can be considered. If the results of prognostic tests produce conflicting results or prognostication remains uncertain, further clinical observation and re-evaluation is recommended [48] . In fact, most comatose resuscitated patients awake within 1 week from cardiac arrest [63 & ,64]. Up to 32% of comatose survivors treated with hypothermia who had a favorable neurologic outcome regained consciousness after 72 h post rewarming [65] .
CONCLUSION
In patients who are comatose after having been resuscitated after cardiac arrest, early signs of unfavorable outcome (death, persistent vegetative state or severe neurological injury) include absent pupillary or corneal reflexes, early status myoclonus, burst-suppression or unreactive background on EEG, a bilaterally absent N20 SSEP wave, high blood levels of biomarkers and diffuse signs of cytotoxic edema from ischemic brain injury on imaging studies. The mainstay of prognostication assessment is a careful clinical neurological examination, which should be made not earlier than 72 h from ROSC and only after major confounders have been excluded. Given the low sensitivity and imprecision of most predictors, a multimodal prognostication, depending on locally available tests and expertise, is recommended.
